Introduction
Discrete Hilbert transform (DHT) is used for the processing of determined and random signals [7] , particularly narrow-band [8] and multidimensional [15] 
These products are valuable sources of information that are contained in the signal being processed [11] .
DHT is also used for time-frequency analyses of wideband time series, where the wideband time series is decomposed and each narrowband component is subjected to DHT. The end data on instantaneous values of frequency and amplitudes of all components are used for the creation of a time-frequency representation of a processed signal [5] . Hilbert spectral analysis (HSA) is used in advanced signal analysis methods such as Hilbert-Huang
Transform (HHT) [6] and the Hilbert Vibration Decom-
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M. Sulima position method (HVD) [2] .
DHT is one of the basic methods used for analysing time series and is applied to the analysis of signals, the development of IT and measurement systems in various fields and disciplines of science and technology such as digital communications, mechanics, physics, electrical engineering, biology and medicine.
DHT may be implemented indirectly using Fast Fourier Transform (FFT) [14] or directly using the convolution of the input time series with the time series of the impulse response weight coefficients. The following steps must be performed to apply the FFT-based method:
-calculation of the input spectrum of the time series
-product of the spectrums Z (f ) = X (f ) B (f ), where
-inverse Fourier transformation of the spectrums product
The wide application of this method is observed because harmonics parameters are obtained using standard FFT algorithms [1] .
In the case of convolution, the following impulse response functions were available [12] : classic impulse response function, Oppenheim impulse response function [9] or Hahn impulse response function [4] . For DHT described with the convolution:
the classic impulse response has the form:
The Oppenheim impulse response function has the following forms [9] :
and
While the Hahn impulse response function is different for even and odd weight coefficient quantities [4] , it takes the following form for even quantities:
for i = 0, 1, ..., N − 1 and the following form for odd quantities:
Using any of these impulse response functions allows one to obtain accurate DHT results for input time series with selected characteristics. At the same time, it must be noted that the commonly applied FFT-based DHT method is equivalent to the convolution of input times series with the Hahn impulse response function (for even numbers of weight coefficient quantities).
The aim of this work is to obtain a formula for a new DHT impulse response function.
Method of seeking a new DHT impulse response function
A system of nonlinear equations has been developed with the aim of finding a new DHT impulse response function.
This system is derived from the combination of DHT and IDHT algorithms, which are given in the matrix form as shown below:
DHT: 
The right hand part of the DHT system (10) was placed in the IDHT system (11) in place of the series with the DHT result { x n } N n=−N ; by doing so, the following nonlinear system was obtained:
. . .
After it has been properly arranged, the newly developed equation system for finding impulse response functions has the following form:
Solutions to this system were sought for values of the series {x n } N n=−N . As an example of such an input time series that makes it possible to solve such a system, the times series {x n } N n=−N were used, described by the first quarter of the sine curve (monotonic time series with nonrepeating sample values).
The solution to this system, depending on the initial conditions, is weight coefficients of the impulse response 
Considering the nature of the system of equations, such 
An example of such a new impulse response function for N = 64 weight coefficients is presented in Fig. 1 : . The signal-to-noise ratio was determined as follows:
where
. According to such a comparison, the increasing SN R value means that the obtained result s
is closer (in terms of the root mean square) to the synthetic standard s Original signals:
DHT standard for original signals: -original signals:
-synthetic result of DHT of the original:
The parameters r = 6, A k = 1V , and ϕ k were taken randomly within the range of 0; 2pi rad, and the values of the lower frequencies f d were increased from 1Hz to 120Hz every 0.1Hz. To illustrate these time series, the output coefficients of Fourier transform were calculated:
where i = 0, ..., N − 1. The power spectral density was then determined based on [10] :
where i = 0, ..., N − 1.
The frequency band of these input time series was moved using a lower frequency f d . were calculated based on the amplitude modulation as per: 
Conclusion
The work presents a new formula for DHT impulse response function that is based on the difference of cotangents. In the case of this impulse response function, the mean value of a signal remains significant and is processed instead of being eliminated in processing (it is assumed based on other impulse response functions that the Hilbert transformation of the mean value is zero, and frequently, the mean value is removed from the signal before signal processing or not considered). This new DHT impulse response function has advantages over the classic 
